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^ © A method of forming p-type silicon carbide which comprises using reactive source gases comprising silane, 

^ hydrogen, trimethylboron, and either diborane or boron trifluoride, to thereby attain a widened band gap by the 

action of the carbon contained in the trimethylboron. 
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FIELD OF THE INVENTION 

The present invention relates to a method of forming p-type silicon carbide having a low resistivity and 
a high band gap and suited for use in solar cells, optical sensors, and the like. 

5 

BACKGROUND OF THE INVENTION 

A well known structure of amorphous silicon (a-Si) solar cells having a p-i-n junction is one employing 
amorphous silicon carbide (a-SiC) as the p-layer. In general, p-type a-SiC is obtained by the glow discharge 

w decomposition of a mixed gas comprising silane gas (SiH*), methane gas (CH*), hydrogen (H 2 ), and 
diborane gas (EkHs). Recently, p-type silicon carbide (SiC) having a low resistivity and a wide optical 
forbidden band width or optical band gap (hereinafter referred to as E opt ) has been developed as described 
in, for example, Technical Digest of the international PVSEC-3, 1987, pp. 49-52 and JP-A-64-42120. 
(The term "JP-A" as used herein means an unexamined published Japanese patent application".) 

75 The method described in the former reference uses a hydrogen dilution ratio of 70 times or higher and 
a high-frequency power density as high as 260 mW/cm 2 to form p-type SiC having an E opt of about 2.2 eV 
and an electric conductivity of about 1x10~ 2 (Q.crn)" 1 . The method of the latter reference uses a hydrogen 
dilution ratio as high as about 500 times and a high-frequency power density as high as from 300 mW/cm 2 
to 1.5 W/cm 2 to form p-type SiC having an E opl of about 2.1 eV and an electric conductivity of about 1x10° 

20 (Q.crn)" 1 . 

However, the aforementioned methods for p-type SiC production, which employ CH 4 as a carbon 
source, are disadvantageous in that they necessitate a high hydrogen dilution ratio and a high power 
density as described above since the addition of a large proportion of CH4 causes an abrupt decrease in 
electric conductivity and impairs film quality. In order to heighten the efficiency of solar cells, it is necessary 
25 to develop p-type SiC having a still higher E opt and a high electric conductivity. For use in larger-area solar 
cells, the SiC is required to be produced using a lower high-frequency power and have a lower resistivity 
even in a thin film form because the p-layer thickness is as small as 100 to 200 A. 

SUMMARY OF THE INVENTION 

30 

An object of the present invention is to provide a method of forming a thin film of p-type silicon carbide 
having a low resistivity and high band gap using a low high-frequency power. 

The above object is accomplished with a method of forming p-type SiC which comprises using reactive 
source gases comprising silane, hydrogen and suitable amounts of tri methyl boron as a carbon source and 
35 either diborane or boron trifluoride as a dopant gas. It is preferred that the flow ratio (sccm/sccm) of 
trimethylboron/silane be from 0.3 to 0.6%, more preferably from 0.4 to 0.5%, the flow ratio (sccm/sccm) of 
diborane/silane be from 0.3 to 1.5, more preferably from 0.3 to 0.4%, and the flow ratio (sccm/sccm) of 
boron trifluoride/silane be from 0.3 to 1.5%, more preferably from 0.4 to 0.5%. Further, it is preferred that 
argon gas be added to the reactive gases in a suitable amount (for example, from 1 to 50 seem) in order to 
40 attain a low resistivity even when the film thickness is small. 

By the addition of a suitable amount of trimethylboron gas (B(CH 3 )3) (hereinafter abbreviated as TMB) 
as a carbon source to the reactive gases for forming p-type a-SiC, it is possible to increase the E opt by 
about 0.1 eV using a low high-frequency power, without decreasing electric conductivity. Although the E opt 
varies because of a change in hydrogen content due to changing diborane or boron trifluoride amount, the 
45 carbon content in the film does not vary. Therefore, when the TMB/SiH* ratio is kept constant, the variation 
range of the E opt is about 0.1 ev at any dopant proportion. 

Furthermore, by adding a suitable amount of argon gas to the reactive gases, it is possible to obtain a 
film which has good uniformity and a low resistivity even when having a reduced thickness. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing changes of the electric conductivity and E opt of p-type SiC with changing B- 
(CH 3 ) 3 flow rate in Example 1. 

Fig. 2 is a graph showing changes of the electric conductivity and E op! of p-type SiC with changing 
55 B 2 H 6 flow rate in Example 2. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be explained below in more detail with reference to the following examples, 
but the invention is not construed as being limited thereto. 
5 In both Examples 1 and 2 given below, p-type SiC was produced by the following method. A p-type SiC 
film about 2,000 to 3,000 A thick was formed by the plasma CVD method on a transparent electrode formed 
on a 7059-glass substrate manufactured by Corning Ltd. As the reactive gases, use was made of silane gas 
(SiH 4 ), hydrogen gas (H 2 ), trimethylboron (B(CH 3 ) 3 ), and either diborane gas (B^) or boron trifluoride 
(BF3). Representative film-forming conditions are given in Table 1. 

70 

Table 1 



Substrate temperature 


200 


•c 


Pressure 


1.4 


Torr 


Power density 


about 156 


mW/cm 2 


SiH 4 gas flow 


2 


seem 


H2 gas flow 


370 


seem 


B2 H6 gas flow 


0-0.03 


seem 


B(CH 3 )3 gas flow 


0-0.036 


seem 



EXAMPLE 1 

25 In Fig. 1 are shown changes of the E opl and electric conductivity of p-type SiC with changing flow rate 
for B(CH 3 ) 3 added to a mixed gas consisting of SihU (2 seem), fehk (10 seem), and H 2 (370 seem). As 
apparent from Fig. 1, the E opt , which was about 1.97 eV when B(CH 3 ) 3 was not added, tended to increase 
as the B(CH 3 ) 3 flow rate was increased. When the B(CH 3 ) 3 /SiH 4 ratio was increased to 0.45%, the E opt 
reached about 2.09 eV, that is, it increased by about 0.1 eV from the value for nonuse of B(CH 3 ) 3 while 

30 maintaining the electric conductivity. As the B(CH 3 ) 3 proportion was increased further, the electric con- 
ductivity and E opt both decreased. The above results indicate that the optimum B(CH 3 ) 3 /SiH 4 ratio was 
about 0.45%. 

EXAMPLE 2 

35 

In Fig. 2 are shown changes of E opt and electric conductivity with changing B2HS flow rate at a 
TMB/SiH* ratio of 0.45%. When the B2H6 flow rate was increased from 0 to around a B 2 H 6 /SiH 4 ratio of 
0.375%, the E opt stayed almost constant at about 2.26 eV. However, as the B2H6 flow rate was increased 
further, the E opt decreased monotonously and, when B 2 He/Sim ratios were more than 1.5%, E opt values 

40 required for maintaining high quality were unable to be obtained. On the other hand, the electric 
conductivity decreased abruptly as the B^/SiHU ratio was reduced beyond about 0.375%. When B 2 H 6 
was not added, the electric conductivity was extremely low. 

The electric conductivity changed little even when the B^/SihU flow ratio was increased beyond 
0.375%. The above results indicate that B 2 H S is necessary for attaining a lower electric conductivity. Thus, 

45 low-resistivity, high-band-gap, p-type SiC was obtained which had an E opt of 2.26 eV and an electric 
conductivity of about 7.0x10 _1 (Q.cm) -1 . This SiC is superior to the aforementioned, conventional, low- 
resistivity, high-band-gap, p-type SiC films formed from CH 4 -containing source gases. Similar results were 
obtained when BF 3 was used in place of B 2 H S . 

50 COMPARATIVE EXAMPLE 

For purposes of comparison, an experiment was conducted under the same production conditions as 
those of Table 1 except that CH 4 , which had conventionally been used frequently, was added in a slight 
amount in place of B(CH 3 ) 3 .As a result, when the CH 4 /SiH 4 ratio was 25%, the E opt increased to about 2.23 
55 eV but the electric conductivity abruptly dropped to 6.5x10" 8 (O.cm)" 1 . 

It may be difficult to obtain a finely crystallized, low-resistivity film due to the lower power density used 
in the present Examples as compared with those used in the conventional methods. 
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EXAMPLE 3 

This example deals with the electric conductivity of thin films since it is an important consideration 
when the thin films of a-SiC are to be used as the p-layers of solar cells. 
5 Films of a-SiC having a thickness of 200 A were formed under the conditions shown in Table 2 to 
examine the effect of argon gas addition on electric conductivity. In this examination, the optimum 
B 2 H 6 /SiH 4 and B(CH 3 ) 3 /SiH + values were used. 



Table 2 



10 



15 



20 



25 



Substrate temperature 


200 


•c 


Pressure 


1.4 


Torr 


Power density 


about 156 


mW/cm 2 


SiHi gas flow 


2 


seem 


H 2 gas flow 


370 


seem 


B2H6 gas flow 


0.0075 


seem 


B(CH 3 )3 gas flow 


0.009 


seem 


Argon gas flow 


0-50 


seem 



Table 3 shows a difference in electric conductivity between films obtained using argon gas at a flow 
rate of 50 seem and films obtained without adding argon gas. respectively, under conditions of a B2H& flow 
rate of 0.0075 seem and a B(CH 3 ) 3 flow rate of 0.009 seem. The film obtained using argon showed a 
significantly improved electric conductivity, which was higher than that of the other by about three orders of 
magnitude. However, if argon gas was fed at a higher flow rate than 50 seem, the film obtained had poor 
uniformity, which indicated that there is an optimum flow rate value for argon gas. 

Table 3 



30 



35 



40 



45 



Argon Gas 


Electrical Conductivity (O.cm)"" 1 


not added 
50 seem 


9.2 x 10- 7 
3.5 x 10- 3 



As described above, in the formation of p-type a-SiC according to the present invention, the E opt can be 
widened by about 0.1 eV using a low high-frequency power density without decreasing the electric 
conductivity, by adding a suitable amount of B(CH 3 ) 3 as a carbon source to reactive source gases for the p- 
type a-SiC. As a result, it has become possible to form low-resistivity, high-band-gap, p-type SiC having an 
E opt of 2.26 eV and an electric conductivity of 7.0X10" 1 (fl.cm)" 1 . Moreover, by further adding a suitable 
amount of argon gas to the reactive gases, the film obtained can have good uniformity and a low resistivity 
even when it has a reduced thickness. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 



50 



55 



1. A method of forming p-type silicon carbide which comprises using reactive source gases comprising 
silane, hydrogen, trimethylboron, and diborane, thereby to attain a widened band gap by the action of 
the carbon contained in the trimethylboron. 

2. A method of forming p-type silicon carbide which comprises using reactive source gases comprising 
silane, hydrogen, trimethylboron, and boron trifluoride, thereby to attain a widened band gap by the 
action of the carbon contained in the trimethylboron. 

a A method as claimed in claim 1, wherein the trimethylboron/silane ratio is from 0.3 to 0.6%. 

4. A method as claimed in claim 2, wherein the trimethylboron/silane ratio is from 0.3 to 0.6%. 
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5. A method as claimed in claim 1 , wherein the reactive source gases further contain argon gas. 

6. A method as claimed in claim 2, wherein the reactive source gases further contain argon gas. 
5 7. A method as claimed in claim 1, wherein the diborane/silane ratio is from 0.3 to 1.5%. 

a A method as claimed in claim 2, wherein the boron trifluoride/silane ratio is from 0.3 to 1.5%. 
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FIG. 1 




6 



EP 0 573 033 A1 



FIG. 2 
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